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Objectives We sought to examine whether marine-derived n-3 fatty acids are associated with less atherosclerosis in Japa-
nese versus white populations in the U.S.
Background Marine-derived n-3 fatty acids at low levels are cardioprotective through their antiarrhythmic effect.
Methods A population-based cross-sectional study in 281 Japanese (defined as born and living in Japan), 306 white (de-
fined as white men born and living in the U.S.), and 281 Japanese-American men (defined as Japanese men
born and living in the U.S.) ages 40 to 49 years was conducted to assess intima-media thickness (IMT) of the
carotid artery, coronary artery calcification (CAC), and serum fatty acids.
Results Japanese men had the lowest levels of atherosclerosis, whereas whites and Japanese Americans had similar
levels. Japanese had 2-fold higher levels of marine-derived n-3 fatty acids than whites and Japanese Americans
in the U.S. Japanese had significant and nonsignificant inverse associations of marine-derived n-3 fatty acids
with IMT and CAC prevalence, respectively. The significant inverse association with IMT remained after adjusting
for traditional cardiovascular risk factors. Neither whites nor Japanese Americans had such associations. Signifi-
cant differences between Japanese and whites in multivariable-adjusted IMT (mean difference 39 m, 95% con-
fidence interval [CI]: 21 to 57m, p  0.001) and CAC prevalence (mean difference 10.7%, 95% CI: 2.9% to
18.4%, p  0.007) became nonsignificant after we adjusted further for marine-derived n-3 fatty acids (22 m,
95% CI: –1 to 46 m, p  0.065 and 5.0%, 95% CI: –5.3% to 15.4%, p  0.341, respectively).
Conclusions Very high levels of marine-derived n-3 fatty acids have antiatherogenic properties that are independent of tradi-
tional cardiovascular risk factors and may contribute to lower the burden of atherosclerosis in Japanese, a lower
burden that is unlikely the result of genetic factors. (J Am Coll Cardiol 2008;52:417–24) © 2008 by the
American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2008.03.047T
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008, accepted March 11, 2008.he Seven Countries Study showed that Japan had the
owest rate of coronary heart disease (CHD) mortality
mong developed countries, which was largely attributed to
See page 425
ery low population levels of serum total cholesterol, 165
g/dl, in Japan in the 1960s (1). However, CHD mortality
n Japan has been decreasing since the 1970s (2). In other
sian countries, it has been increasing with the increase
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This is despite changes in life-
style toward Westernization in
Japan after World War II that
have brought a continuous in-
crease in dietary fat intake, serum
total cholesterol, and mortality
from colon, prostate, and breast
cancer (2,5). Large longitudinal
studies in Japan showed that se-
rum total cholesterol is signifi-
cantly associated with the risk of
CHD (6,7). Moreover, the rela-
tive but not absolute risks of
CHD associated with serum to-
tal cholesterol and other risk fac-
tors in the Japanese in Japan are
imilar to those in white populations (8). The low CHD
ortality is not due to the misclassification of causes of
eath (9). Even in Japanese men born in Japan after World
ar II, who adopted Westernized life-styles from child-
ood, CHD mortality is very low and less than one-half of
hat in white men in the U.S. (10). We have shown that
here have been similar lifetime levels of serum total
holesterol and blood pressure in the post-World War II
irth cohort of Japanese and white men (11). However,
moking rates are greater in Japan, and the prevalence of
ype 2 diabetes is similarly high (11). Migrant studies of
apanese to the U.S. demonstrated an increase in CHD
ortality (12). However, Japanese Americans have lower
ates of CHD mortality than white populations in the U.S.
13), suggesting that the Japanese populations may have
rotective factors against CHD.
Evidence from epidemiological and autopsy studies indi-
ate that of the men in the post-World War II birth cohort,
apanese men have significantly lower levels of atheroscle-
osis than white men residing in the U.S. We reported that
n men ages 40 to 49 years, Japanese men have significantly
ower levels of atherosclerosis than white men in the U.S.
11), assessed by intima-media thickness (IMT) of the
arotid artery and coronary artery calcification (CAC),
hich are independent predictors of cardiovascular events
14,15). A recent large autopsy-based study of atheroscle-
osis showed that percentages of surface involvement with
aised lesions in the coronary artery in men ages 30 to 34 are
pproximately 15% for the Japanese men versus 50% for
hite men in the U.S. (16)
Recent studies in Japan, where fish intake is one of the
ighest in the world (11,17), showed that additional sup-
lementation or intake of marine-derived n-3 fatty acids is
ignificantly associated with a reduced risk of nonfatal
oronary events (18,19). These findings suggest that very
igh intake of marine-derived n-3 fatty acids has anti-
therogenic effects.
We hypothesized that, in men ages 40 to 49 years, greater
Abbreviations
and Acronyms
CAC  coronary artery
calcification
CCA  common carotid
artery
CCS  coronary calcium
score
CHD  coronary heart
disease
CI  confidence interval
HDL  high-density
lipoprotein
IMT  Intima-media
thicknessevels of serum marine-derived n-3 fatty acids in the napanese men (defined as men born and living in Japan)
ersus white men (defined as white men living in the U.S.)
re associated with lower levels of atherosclerosis. We also
ypothesized that, in men ages 40 to 49 years, Japanese-
merican men (defined as Japanese men born and living in
he U.S.) have levels of atherosclerosis that are lower than
hite men in the U.S. but greater than Japanese men. We
ested these hypotheses in the ERA JUMP (Electron-Beam
omography, Risk Factor Assessment Among Japanese and
.S. Men in the Post-World War II Birth Cohort) study,
population-based, cross-sectional study of 868 men ages
0 to 49 years in Japanese, white-American, and Japanese-
merican men (11,20).
ethods
ubjects and basic measurements. During 2002 to 2006,
26 men ages 40 to 49 years were randomly selected: 313
apanese men from Kusatsu, Shiga, Japan; 310 white men
rom Allegheny County, Pennsylvania (11,20); and 303
apanese-American men from a representative sample of
ffspring of fathers who participated in the Honolulu Heart
rogram (21), Honolulu, Hawaii. These offspring were the
hird or fourth generation of Japanese Americans without
thnic admixture (20). All participants were without clinical
ardiovascular disease, type 1 diabetes, or other severe
iseases (11). The current study excluded 50 subjects who
rank69 g/day of alcohol because very heavy drinking was
ssociated with both serum marine-derived n-3 fatty acids
nd CAC (22). We also excluded 8 subjects with missing
ata. Our final sample was 281 Japanese men, 306 white
en, and 281 Japanese-American men. Informed consent
as obtained from all participants. The study was approved
y the Institutional Review Boards of Shiga University of
edical Science, Otsu, Japan; University of Pittsburgh,
ittsburgh, Pennsylvania; and Kuakini Medical Center,
onolulu, Hawaii.
All participants underwent a physical examination, life-
tyle questionnaire, and laboratory assessment as described
reviously (11,20). Serum samples were stored at –80°C,
hipped on dry ice to University of Pittsburgh, and deter-
ined for levels of low-density lipoprotein cholesterol,
igh-density lipoprotein (HDL) cholesterol, triglycerides,
lucose, insulin, and C-reactive protein (11).
etermination of serum fatty acids. To determine per-
entages of serum fatty acids and total fatty acid amounts,
ipids were extracted from the stored serum samples
23).The 100-l samples plus 1,2-dinonadecanoyl-sn-
lycero-3-phosphocholine (50 g C19:0), as an internal
tandard, were homogenized in 4 ml of methanol, 2 ml of
hloroform, and 1.5 ml of water. After 15 min of homog-
nization, 2 ml of chloroform and 2 ml of water were added
nd the samples were vortexed. Then, the tubes were
entrifuged at 1,200 g for 30 min at 16°C and the upper
hase was discarded. The lower phase was dried under
itrogen and was resuspended in 1.5 ml of 14% boron-
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August 5, 2008:417–24 n-3 Fatty Acids and Atherosclerosisrifluoride methanol. The samples were heated at 90°C for
0 min and were extracted after cooling with 4.0 ml of
entane and 1.5 ml of water. The mixtures were vortexed,
nd the organic phase was recovered. The extracts were
ried under nitrogen, resuspended in 50 l of heptane, and
l was injected into a capillary column (SP-2380 105 m
.53 mm  0.20 m, Suple1co Inc., Bellefonte, Pennsyl-
ania). The gas chromatograph was a PerkinElmer Clarus
00 (Waltham, Massachusetts) equipped with a flame
onization detector and an autosampler. The oven temper-
ture was 140°C for 35 min. The temperature was increased
t 8°C per min to 220°C and then was held for 12 min.
njector and detector temperatures were both at 260°C and
elium, the carrier gas, was at 15 psi. Components were
dentified by comparison of retention time with those of
uthentic standards (Sigma, St. Louis, Missouri). Measure-
ent of fatty acids in the serum eliminates the need to isolate
pecific fractions. Similar conclusions are reached with the
erum as with fractions (24).
The coefficients of variation between runs for major
arine-derived n-3 fatty acids, eicosapentaenoic acid (20:
n-3) and docosahexaenoic acid (22:6n-3), were 4.5% and
.2%, respectively. The coefficients of variation for other
ajor fatty acids were as follows: palmitic (16:0), stearic
18:0), oleic (18:1n-9), linoleic (18:2n-6), alpha-linolenic,
rachidonic (20:4n-6), and docosapentaenoic (22:5n-3) ac-
ds and total fatty acid amount were 1.2%, 4.0%, 2.3%,
.6%, 7.9%, 2.8%, 4.5%, and 5.7%, respectively. Marine-
erived n-3 fatty acids were defined as a sum of eicosapen-
aenoic, docosahexaenoic, and docosapentaenoic acids.
lectron beam computed tomography. The scanning
rocedures were described elsewhere (11). Scanning was
erformed with the standardized protocol with a GE-
matron C150 EBT scanner (GE Medical Systems, South
an Francisco, California). A total of 30 to 40 contiguous
-mm thick transverse images were obtained from the level
f the aortic root to the apex of the heart. Images were
ecorded during a maximal breath hold with the use of
lectrocardiogram (ECG)-guided triggering of 100-ms ex-
osures during the same phase of the cardiac cycle. We
onsidered CAC to be present with 3 contiguous pixels
area  1 mm2) 130 Hounsfield units. One trained reader
t the Cardiovascular Institute, University of Pittsburgh, read
he images using a Digital-Imaging-and-Communications-
n-Medicine workstation and software by the AccuImage
iagnostic Corporation (San Francisco, California), which
alculates coronary calcium score (CCS) with the Agatston
coring method (25). To define the presence of CAC, CCS
10 was used (11,26). The reader was blinded to partici-
ant’s characteristics and the study centers. The reproduc-
bility of the electron beam computed tomography scans had
n intraclass correlation of 0.98.
ntima-media thickness of the carotid artery. The scan-
ing procedures were described elsewhere (11,27). Before
he study began, sonographers at all centers received train-
ng for carotid scanning provided by the Ultrasound Re- [earch Laboratory, University of Pittsburgh (28). A Toshiba
40A scanner (Tokyo, Japan, and Pittsburgh, Pennsylvania)
nd a Siemens Acuson Cypress scanner (Honolulu, Hawaii)
quipped with a 7.5-MHz linear-array imaging probe were
sed. The sonographers scanned the right and left common
arotid arteries (CCAs), the carotid bulbs, and the internal
arotid arteries. For the CCA segment, both near and far
alls were examined 1 cm proximal to the bulb. For the bulb
nd internal carotid artery areas, only far walls were exam-
ned. The scans were recorded on videotape and sent to the
aboratory for scoring. Trained readers digitized the best
mage for scoring and then measured the average IMT
cross 1-cm segments of near and far walls of the CCA and
he far wall of the carotid bulb and internal carotid arteries
n both sides. Plaque was defined as a distinct area identi-
ed with either a focal area of hyperechogenecity or a focal
rotrusion into the lumen of the vessel (27). We used CCA
n our current study because the prevalence of the carotid
laque in CCA was similarly low both in Japanese and white
en. The readers were blinded to participant’s characteris-
ics and the study centers. Correlation coefficients of IMT
etween sonographers and between readers were 0.96 and
.99, respectively (28).
tatistical analyses. To compare risk factors or levels of
therosclerosis among populations, analysis of variance for
ontinuous variables or the Mantel-Haenszel test for cate-
orical variables was used. To examine associations of
arine-derived n-3 fatty acids with atherosclerosis, we
ade tertile groups of marine-derived n-3 fatty acids for
ach population and compared age- and multivariable-
djusted tertile-specific levels of atherosclerosis. To examine
he linear trend of tertile-specific levels of atherosclerosis
nd whether marine n-3 fatty acids were associated with less
therosclerosis in the Japanese men than white men, general
inear model analyses were used. All p values were 2-tailed.
esults
apanese men had a less favorable or similar profile of many
isk factors compared with white men, including blood
ressure, hypertension, low-density lipoprotein cholesterol,
riglycerides, glucose, diabetes, and cigarette smoking (Ta-
le 1). However, Japanese men were significantly less obese
han white men. Japanese-American men and white men
ere similarly obese. Japanese-American men had signifi-
antly greater rates of hypertension and diabetes and levels
f triglycerides and glucose than white men.
Japanese men had the lowest levels of atherosclerosis
Table 2). Japanese-American men had significantly greater
MT and similar levels of CAC compared with white men
Table 2). Even among those without diabetes, without hy-
ertension, or taking lipid-lowering medications, Japanese-
merican men (n 185) had significantly greater IMT and
imilar levels of CAC compared with white men (n  247)
IMT, mean [standard error]: 711 m [70 m] vs. 665 m
60 m], p  0.001 and CAC prevalence: 26.6% vs. 21.1%,
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n-3 Fatty Acids and Atherosclerosis August 5, 2008:417–24 0.184, for Japanese-American men and white men,
espectively).
Japanese men had 2-fold higher levels of marine-derived
-3 fatty acids than both U.S. populations (Table 3). The
ower 5th percentile of marine-derived n-3 fatty acids
4.97%) in Japanese men was still greater than the mean
evels in white and Japanese-American men. Total fat
mount was comparable across populations.
Japanese men had a significant inverse association of
arine-derived n-3 fatty acids with IMT (Table 4). The
ignificant association remained after adjusting for blood
ressure, HDL-cholesterol, and triglycerides (model II) and
urther adjusting for other potential confounders (models
II and IV). Japanese men appeared to have an inverse
ssociation of marine-derived n-3 fatty acids with CAC
revalence. The association appeared to remain after adjust-
ng for potential confounders (model III and IV). In
asic Characteristics of the Study Participants in 2002 to 2006
Table 1 Basic Characteristics of the Study Participants in 200
Japanese Men
(n  281)
Age (yrs) 45.0 (2.8)
Body mass index (kg/m2) 23.6 (3.1)
Systolic blood pressure (mm Hg) 124.2 (15.8)
Diastolic blood pressure (mm Hg) 75.7 (11.8)
Hypertension (%) 24.2
LDL cholesterol (mg/dl) 133.6 (35.5)
Triglycerides (mg/dl) 152.2 (77.0)
HDL cholesterol (mg/dl) 53.3 (13.1)
Glucose (mg/dl) 106.1 (17.7)
Insulin (IU/ml) 10.2 (4.2)
C-reactive protein (mg/l) 0.65 (1.04)
Fibrinogen (mg/dl) 253.7 (63.3)
Diabetes mellitus (%) 5.0
Current cigarette smoker (%) 47.3
Alcohol drinker (%) 63.3
Ethanol consumption (g/day) 19.9 (19.9)
Exercise (%) 25.6
Hypertension medications (%) 4.3
Lipid-lowering medications (%) 2.8
Diabetes medications (%) 1.1
alues are mean (SD) unless stated otherwise. Hypertension was defined as systolic blood pressur
s fasting glucose 124 mg/dl or diabetes medication. Alcohol drinker was defined as those who
1 h/week. *p 0.01 between white and Japanese-American men. †p 0.01 between Japanese
HDL  high-density lipoprotein; LDL  low-density lipoprotein; NA  not assessed.
xtent of Atherosclerosis in Japanese, White, and Japanese-Americ
Table 2 Extent of Atherosclerosis in Japanese, White, and Japa
Japanese Men
(n  281)
Coronary artery
CCS (median (IQR) 0 (0, 1.0)
Prevalence of CAC (%) 9.3
Carotid artery
CCA IMT (m), mean (SD) 614 (80)
Prevalence of CCA plaque (%) 0p  0.01 between Japanese versus white men. †p  0.01 between Japanese versus Japanese-America
CAC  coronary artery calcification; CCA  common carotid artery; CCS  coronary calcium score; IMTontrast, neither white nor Japanese-American men had a
ignificant inverse association with marine-derived n-3 fatty
cids with IMT or CAC prevalence (Table 4). Although
hite men had a significant and nonsignificant age-adjusted
nverse association of IMT and CAC prevalence, respec-
ively, with marine-derived n-3 fatty acids, the associations
ere attenuated after adjusting for blood pressure, HDL
holesterol, and triglycerides (model II). It is noted that the
edian of marine-derived n-3 fatty acids in the lowest
ertile in Japanese men was still greater than that of the
ighest tertile in white and Japanese-American men.
Significant differences in both IMT and CAC prevalence
etween Japanese men and white men were attenuated and
ecame nonsignificant after adjusting for serum marine-
erived n-3 fatty acids (Table 5). The mean difference in
ged-adjusted IMT was 56 m (95% confidence interval
CI]: 42 to 70 m, p  0.001, model I), which became 39
2006
hite Men
 306)
Japanese-American Men
(n  281) p Value
.0 (2.8) 46.2 (2.8) *†
.9 (4.3) 28.0 (4.5) †‡
.5 (11.2) 127.3 (12.6) *†
.1 (8.6) 77.6 (9.4) *‡
.7 32.4 *‡
.7 (33.6) 121.6 (32.4) *†
.3 (100.0) 184.1 (140.7) *†
.5 (12.7) 49.8 (10.8) †‡
.3 (13.5) 111.7 (20.7) *†‡
.3 (8.4) 15.2 (9.3) †‡
.64 (2.32) 1.34 (2.32) †‡
.2 (70.4) 317.7 (72.8) *†‡
.2 13.6 *†
.2 12.8 †‡
.8 33.1 *†‡
.6 (11.7) 11.6 (16.8) †‡
.1 NA
.2 19.9 *†
.4 22.8 *†‡
.0 6.0 †
mm Hg, diastolic blood pressure90 mm Hg, or hypertensive medication. Diabetes was defined
lcohol 2 days/week or more. Those who exercised were defined as those who regularly exercised
Japanese-American men. ‡p 0.01 between Japanese versus white men.
en in 2002 to 2006
-American Men in 2002 to 2006
hite Men
 306)
Japanese-American Men
(n  281) p Value
(0, 12.3) 0 (0, 30.9) *†
31.4 *†
94) 720 (115) *†‡
16.7 †‡2 to
W
(n
45
27
122
73
14
134
151
47
101
15
1
291
3
7
43
9
73
8
12
1
e140
drank aan M
nese
W
(n
1.0
26.1
670 (
0.7n men. ‡p  0.01 between white and Japanese-American men.
 intima-media thickness; IQR  interquartile range.

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August 5, 2008:417–24 n-3 Fatty Acids and Atherosclerosism (95% CI: 22 to 57 m, p  0.001) after further
djusting for traditional risk factors (model II) and 39 m
95% CI: 21 to 57 m, p 0.001) after further adjusting for
ovel risk and other factors (model III). After further
djusting for marine-derived n-3 fatty acids, the mean
ifference became nonsignificant (22 m, 95% CI:1 to 46
erum Levels of Fatty Acids in Japanese Men, White Men, and Jap
Table 3 Serum Levels of Fatty Acids in Japanese Men, White M
Japanese Men
(n  281)
Total fatty acids (mg/dl) 245 (53)
Fatty acids proportion (%)
Marine-derived n-3 fatty acids 9.2 (2.9)
Eicosapentaenoic acid 2.5 (1.3)
Docosahexaenoic acid 5.9 (1.6)
Alpha linolenic fatty acids 0.2 (0.2)
Total n-6 fatty acids 35.1 (4.1)
Linoleic acid 26.8 (4.0)
Arachidonic acid 6.6 (1.3)
Saturated fatty acids 31.6 (2.1)
Monounsaturated fatty acids 19.4 (2.8)
Trans fatty acids (%) 0.6 (0.2)
alues are expressed as mean (SD). *p  0.01 between the Japanese and white men. †p  0.01
en. Marine-derived n-3 fatty acids were calculated as a sum of eicosapentaenoic acid (20:5n-3),
inoleic acid (18:2n-6), gamma-linoleic acid (18:3n-6), dihomo-gamma-linolenic acid (20:3n-6), an
nd stearic acid (18:0); monounsaturated fatty acids as a sum of palmitoleic acid (16:1n-7), oleic a
laidic acid (18:1t), and linolelaidic acid (18:2tt). Plant-derived n-3 fatty acids were alpha linoleni
NS  not significant.
ultivariable-Adjusted Associations of Marine n-3 Fatty Acids Withnd Prev lence of Coronary Artery Calcificatio in J panese Men, W
Table 4 Multivariable-Adjusted Associations of Marine n-3 Fattand Prevalence of Coronary Artery Calcification in Japa
Marine n
Intima-Media Thickness (m)
Japanese Men
Median (%)
(IQR)
Low 6.51
(4.16, 7.78)
Middle 8.71
(8.00, 9.72)
High 12.30
(10.05, 16.19) p for Trend
Model I 627 (8) 616 (8) 600 (8) 0.016
Model II 626 (8) 616 (8) 601 (8) 0.022
Model III 629 (8) 617 (8) 597 (8) 0.004
Model IV 630 (8) 618 (8) 596 (8) 0.004
White Men
Median (%)
(IQR)
Low 2.42
(1.56, 2.82)
Middle 3.47
(2.90, 4.04)
High 5.23
(4.17, 9.42) p for Trend
Model I 685 (9) 672 (9) 653 (9) 0.014
Model II 676 (9) 673 (9) 661 (9) 0.271
Model III 676 (9) 674 (8) 661 (9) 0.258
Model IV 675 (9) 674 (9) 665 (9) 0.460
Japanese-American Men
Median (%)
(IQR)
Low 2.93
(1.79, 3.64)
Middle 4.40
(3.82, 5.12)
High 6.49
(5.12, 11.42) p for Trend
Model I 721 (12) 719 (12) 719 (12) 0.886
Model II 720 (12) 719 (11) 719 (12) 0.959
Model III 717 (12) 715 (11) 727 (11) 0.552
Model IV 717 (12) 715 (11) 726 (11) 0.584
odel I: adjusted for age. Model II: further adjusted for blood pressure, high-density lipoprotein c
lucose, insulin, and body mass index. Model IV: further adjusted for C-reactive protein, fibrinogen, alcoh
IQR  interquartile range.m, p  0.065, model IV). Similarly, the significant mean
ifference in CAC prevalence after adjusting for traditional
isk and other factors (9.4%, 95% CI: 1.4% to 17.3%, p 
.021, model III) became nonsignificant after further ad-
usting for marine-derived n-3 fatty acids (5.0%, 95% CI:
5.3% to 15.4%, p 0.341). Adjusting for fatty acids other
-American Men in 2002 to 2006
and Japanese-American Men in 2002 to 2006
ite Men
 306)
Japanese-American Men
(n  281) p Value
37 (51) 243 (85) NS
3.9 (1.7) 4.8 (2.2) *†‡
0.8 (0.6) 1.0 (1.0) *‡
2.4 (1.2) 3.2 (1.4) *†‡
0.3 (0.3) 0.4 (0.4) *†‡
1.4 (4.2) 41.4 (4.3) *‡
9.9 (4.1) 30.2 (4.2) *‡
9.0 (1.9) 8.9 (2.3) *‡
0.9 (2.4) 30.8 (2.2) *‡
8.9 (3.1) 18.0 (3.4) †‡
1.0 (0.5) 0.9 (0.4) *†‡
n white and Japanese-American men. ‡p  0.01 between the Japanese and Japanese-American
pentaenoic acid (22:5n-3), and docosahexaenoic acid (22:6n-3); total n-6 fatty acids as a sum of
idonic acid (20:4n-6); saturated fatty acids as a sum of myristic acid (14:0), palmitic acid (16:0),
:1n-9), and cis-vaccenic acid (18:1n-7); and trans fatty acids as a sum of palmitelaidic acid (16:1t),
cid (18:3n-3).
a-Media ThicknessMen, and Japanese-American Men
ds With Intima-Media Thickness
Men, White Men, and Japanese-American Men
ty Acids
Prevalence of Coronary Artery Calcification (%)
panese Men
edian (%)
(IQR)
Low 6.51
(4.16, 7.78)
Middle 8.71
(8.00, 9.72)
High 12.30
(10.05, 16.19) p for Trend
Model I 12.1 (3.0) 8.0 (3.0) 7.9 (3.0) 0.318
Model II 11.7 (3.0) 8.2 (3.0) 8.1 (3.0) 0.399
Model III 13.1 (3.0) 8.6 (3.0) 6.2 (3.0) 0.107
Model IV 13.2 (2.9) 7.9 (2.9) 6.9 (2.9) 0.144
hite Men
edian (%)
(IQR)
Low 2.42
(1.56, 2.82)
Middle 3.47
(2.90, 4.04)
High 5.23
(4.17, 9.42) p for Trend
Model I 32.0 (4.2) 22.1 (4.2) 22.8 (4.2) 0.127
Model II 29.3 (4.4) 22.1 (4.1) 25.4 (4.3) 0.545
Model III 28.8 (4.3) 22.0 (4.1) 26.0 (4.3) 0.656
Model IV 30.5 (4.4) 22.4 (4.2) 26.0 (4.4) 0.491
panese-American Men
edian (%)
(IQR)
Low 2.93
(1.79, 3.64)
Middle 4.40
(3.82, 5.12)
High 6.49
(5.12, 11.42) p for Trend
Model I 30.4 (4.8) 34.5 (4.8) 26.7 (4.8) 0.587
Model II 30.1 (4.9) 34.7 (4.7) 26.2 (4.8) 0.579
Model III 28.7 (4.8) 34.0 (4.7) 28.2 (4.8) 0.951
Model IV 29.0 (4.8) 34.0 (4.7) 27.9 (4.9) 0.877
rol, and triglycerides. Model III: further adjusted for low-density lipoprotein cholesterol, smoking,anese
en,
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n-3 Fatty Acids and Atherosclerosis August 5, 2008:417–24han marine-derived n-3 (i.e., alpha linolenic, total n-6,
aturated, monounsaturated, or trans fatty acids) did not
ttenuate the significant difference (data not shown). The
ifferences in multivariable-adjusted levels of atherosclerosis
etween Japanese men and Japanese-American men were
ttenuated but remained significant after further adjusting
or serum marine-derived n-3 or other fatty acids (data not
hown).
iscussion
ur study in men ages 40 to 49 years shows that Japanese
en had 2-fold greater levels of marine-derived n-3 fatty
cids than white men and that the marine-derived n-3 fatty
cids attenuated the significant differences in multivariable-
djusted carotid IMT and CAC prevalence between Japa-
ese men and white men. Our study also shows significant
nd nonsignificant inverse associations of marine-derived
-3 fatty acids with IMT and CAC prevalence, respectively,
n Japanese men, which remained after adjusting for cardio-
ascular risk and other factors. Our study also shows that in
en ages 40 to 49 years, Japanese-American men compared
ith white men had greater or similar levels of atheroscle-
osis. Our results suggest that marine-derived n-3 fatty acids
ave antiatherogenic effects, especially at the high levels
bserved in Japanese men.
The results of 2 recent studies in Japan (18,19) support
he hypothesis that high marine-derived n-3 fatty acids have
ntiatherogenic effects. The JELIS (Japan Eicosapentaenoic
cid Lipid Interventions Study) (18), a randomized trial of
8,645 Japanese subjects that examined the effectiveness of
.8 g of eicosapentaenoic acid per day plus a statin in
educing CHD rates reported that, after a follow-up of 4.6
ultivariable-Adjusted Mean Differences in Intima-edia Thickness and Prev lence of Coronary Arteryalc ficat on Between Japanese Men and White Men
Table 5
Multivariable-Adjusted Mean Differences in Intima-
Media Thickness and Prevalence of Coronary Artery
Calcification Between Japanese Men and White Men
Japanese
Men
White
Men
Mean Difference
(95% CI) p Value
Intima-Media Thickness (m)
Model I 614 (5) 670 (5) 56 (42 to 70) 0.001
Model II 623 (6) 662 (5) 39 (22 to 57) 0.001
Model III 625 (6) 662 (6) 37 (18 to 56) 0.001
Model IV 632 (7) 655 (7) 22 (1 to 46) 0.065
Prevalence of Coronary Artery Calcification (%)
Model I 9.3 (2.2) 26.1 (2.1) 16.8 (10.7 to 22.8) 0.001
Model II 12.5 (2.5) 23.2 (2.4) 10.7 (2.9 to 18.4) 0.007
Model III 12.5 (2.7) 23.8 (2.6) 11.3 (2.8 to 19.8) 0.009
Model IV 15.5 (3.0) 20.5 (3.1) 5.0 (5.3 to 15.4) 0.341
alues are expressed as mean and standard error. Model I: adjusted for age. Model II: further
djusted for blood pressure, low-density lipoprotein cholesterol, high-density lipoprotein choles-
erol, triglycerides, glucose, insulin, smoking, and body mass index. Model III: further adjusted for
-reactive protein, fibrinogen, alcohol, exercise, and medications for diabetes, hypertension, and
yperlipidemia. Model IV: further adjusted for marine n-3 fatty acids. Those who exercised were
efined as those who regularly exercised 1 h/week.
CI  confidence interval.ears, the hazard ratio in the eicosapentaenoic acid versus oontrol groups was 0.81 (95% CI: 0.68 to 0.96) for nonfatal
oronary events. The JPHC (Japan Public Health Center-
ased Study) (19), a 10-year prospective cohort study of
1,578 middle-aged Japanese subjects, reported that dietary
ntake of marine-derived n-3 fatty acids has significant
nverse associations with nonfatal coronary events. The
ultivariate-adjusted hazard ratio in the highest versus
owest quintiles of marine-derived n-3 fatty acids intake
median intake  2.1 vs. 0.3 g/day, respectively) was 0.33
95% CI: 0.16 to 0.63) for nonfatal coronary events.
Our data do not contradict the antiarrhythmic effect of
arine-derived n-3 fatty acids, associated with reduced risk
f cardiac death. Once- or twice-weekly consumption of
sh (i.e., 30 g of fish per day) is associated with reduced risk
f cardiac death in Western countries (29). Increasing fish
ntake above this level has little benefit (30). In contrast, the
apanese men consume more than 100 g of fish every day on
verage from early in life (31). Thus, the Japanese men
onsume fish far above the threshold for preventing cardiac
eath attributable to the antiarrhythmic effect. In fact,
either the researchers from the JPHC study nor the JELIS
tudy observed a significant association of marine-derived
-3 fatty acids with cardiac death (18,19).
Our finding that Japanese-American men had similar or
reater levels of atherosclerosis compared with U.S. white men
s unexpected. The significantly greater prevalence of diabetes
n Japanese-American men than U.S. white men was expected
ased on the well-known observation that Asians, including
apanese Americans, are more susceptible to developing dia-
etes than U.S. white populations (32). However, even after
xcluding those with diabetes, with hypertension, and taking
ipid-lowering medications, Japanese Americans still had sim-
lar or greater levels of atherosclerosis. Our results may suggest
hat the third- or fourth-generation Japanese Americans will
ave similar or greater CHD rates in the future compared with
.S. white subjects (13). Further study is needed to carefully
onitor CHD rates in third- or fourth-generation Japanese
mericans. Our findings indicate that the antiatherogenic
ffect of marine-derived n-3 fatty acids is likely to be present
nly in populations with fish intake well above those of most
estern populations. It thus appears unlikely that short-term
upplementation in a low fish intake population would show
uch a relationship.
It is now widely recognized that inflammation plays a critical
ole in initiation and progression of atherosclerosis as well as
laque rupture (33). Marine-derived n-3 fatty acids have a
ariety of anti-inflammatory effects (34). Lifelong high intake
f marine-derived n-3 fatty acids in the Japanese population
ay be related to lower levels of atherosclerosis through their
nti-inflammatory effects. It is also possible that lifelong high
evels of marine-derived n-3 fatty acids in the Japanese subjects
ay be associated with improved endothelial or platelet func-
ion, lower levels of thrombosis or oxidative stress, plaque
tability (35–39), or combinations of these factors.
Although the Japanese men in this study were much less
bese, the significant differences in atherosclerosis between
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August 5, 2008:417–24 n-3 Fatty Acids and Atherosclerosisapanese and white men remained after adjusting for body
ass index and risk factors associated with obesity (i.e.,
lood pressure, lipids, glucose, and insulin). Another pos-
ibility is adipocytokines. However, adiponectin, an adipo-
ytokine that has potential antiatherogenic properties and is
nversely associated with obesity, is paradoxically lower in
he Japanese than in white men (40).
This unique study is the first population-based interna-
ional study to compare noninvasively evaluated atheroscle-
osis (i.e., carotid IMT and CAC). The inclusion of
apanese men, whose intake of fish is one of the highest in
he world, enables us to analyze the associations of a wide
ange of marine-derived n-3 fatty acids with atherosclerosis.
he fact that Japanese-American compared with U.S. white
en had greater or similar levels of atherosclerosis indicates
hat the low atherosclerosis in Japanese men is unlikely to be
rimarily a result of genetic factors. The finding in the
urrent study will be difficult to replicate in other ongoing
.S. studies. For example, the Multi-Ethnic Study on
therosclerosis (41) does not have a Japanese cohort. It has
hinese, Hispanic, and African-American populations with
arious stages of acculturation (42), whereas the Japanese
mericans in the current study are third or fourth genera-
ion and considered to be acculturated.
tudy limitations. Some limitations of the study warrant
onsideration. The sample size is relatively small. Our study
ncluded men and only those ages 40 to 49 years. However,
e focused on this specific gender- and age-group because,
nlike older age groups or women, in this birth cohort levels
f serum total cholesterol and blood pressure have been
imilar between Japanese men and U.S. white men through-
ut their lifetime (11). Our cross-sectional analyses are
ikely to underestimate the lifelong effects of marine-derived
-3 fatty acids on atherosclerosis, because levels of marine-
erived n-3 fatty acids are markedly different between Japanese
nd U.S. populations throughout their lifetimes. Serum
arine-derived n-3 fatty acids reflect short-term dietary fat
ntake and may not reflect long-term dietary intake. However,
ecause the variation in serum marine-derived n-3 fatty acids
ccurs randomly, the actual association of marine-derived n-3
atty acids with atherosclerosis is likely to be stronger than was
bserved in the current study. The study is observational and
e cannot exclude the possibility of residual or unmeasured
onfounding (i.e., total energy intake) (43).
onclusions
f the high intake of marine-derived n-3 fatty acids in
apanese men is the primary reason for their extremely low
HD mortality in the face of high traditional cardiovascular
isk factors, dietary interventions to increase marine-derived
-3 fatty acids in the U.S. and other countries where fish
ntake is not as high as in Japan could have a very substantial
mpact on CHD. Foods are being modified to increase
arine-derived n-3 fatty acids in the diet (44) so that
ources other than fish can be used to increase marine-erived n-3 fatty acids to prevent CHD. Long-term primary
revention trials of high-dose marine-derived n-3 fatty acids
omparable with levels in Japan on atherosclerosis and
HD would be needed to test whether intake of marine-
erived n-3 fatty acids markedly lowers CHD rates.
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